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Enhanced event-by-event fluctuations in pion multiplicity as a signal of disoriented chiral
condensates in relativistic heavy-ion collisions
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The factorial moments of the pion multiplicity distributions are calculated with HIJING and UrQMD and
found to be independent of th range included, in contrast to recent simulations with the lireanodel
which leads to large enhancements for pions with transverse kinetic energies below 200 MeV. This supports
the use of the ratio of the factorial moments of low and hpghpions as a signal of “new” physics at low
momentum scales, such as the formation of disoriented chiral condensates.

PACS numbeps): 25.75~q, 11.30.Rd, 11.30.Qc, 12.38.Mh

A major goal of relativistic heavy-ion collision experi- Frn="fm/(N)™, 2)
ments is to explore the phase diagram of hot and dense mat-
ter. In addition to the anticipated transition to the quark-since these are all unity if the multiplicity distribution is of
gluon plasma phasgl], in which the individual hadrons Poisson form. Thus, the deviation of the higher-order re-
have dissolved into a chromodynamic plasma of quarks anduced factorial multiplicity moments provides a direct indi-
gluons, it is expected that chiral symmetry will be approxi- cation that non-Poissonian fluctuations are present. In Ref.
mately restored in the hot collision zone. Signals of this lattef5] it was found that the reduced factorial moments for soft
type of phase transition may arise from the subsequent nompions (those with a transverse kinetic energy below 200
equilibrium relaxation of the chiral order parameter which isMeV) were significantly in excess of unity, while those for
expected to exhibit large-amplitude long-wavelength isospinthe harder pions remained consistent with unity. This feature
polarized oscillations around the normal vacuum configurasuggests that such an analysis be made for the early RHIC
tion, often referred to as disoriented chiral condensatedata.
(DCC) [2]. One expected consequence would be an anoma- However, while the occurrence of reduced factorial mo-
lous broadening in the distribution of the neutral pion frac-ments in excess of unity is an indication of nontrivial pro-
tion. However, this observable poses serious practical chakesses, it is not necessarily a unique DCC signature. Thus, it
lenges and in fact early DCC experiments carried out ats important to ascertain how specific this phenomenon is.
CERN and Fermilab were not able to discern such a signdfor this purpose, we compare the reported results of the lin-
[3]. While some phenomenological consequences of DC@aro model with those prediced by the two most commonly
formation have already been explorfdl5], the need has used event generators, namely HIJI&} and UrQMD(7].
intensified for theory to identify specific observables thatHIJING is expected to give a particularly good approxima-
may be particularly informative, especially with the RHIC tion to the particle production and fluctuations at high trans-
facility at Brookhaven National Laboratory now becoming verse momenta, while UrQMD includes a detailed treatment
operational. In the present Rapid Communication we addressf resonance formation and decays. As both types of pro-
the pion multiplicity distribution. cesses lead to highly correlated pion production, one may

Recent simulations with the linear model[5] (see be- expect these models to yield some enhancement of the mul-
low) have suggested that the induced oscillations of the chitiplicity fluctuations. Therefore it is of interest to perform a
ral order parameter amplifies individual pion modes in thequantitative comparison of the results.
soft part of the spectrum and, as a result, leads to enhanced Let us first briefly describe the calculations in RES].
fluctuations in the multiplicity distribution of the produced Using a semiclassical treatment of the lineamodel[8], the
pions. In that work, the multiplicity distributions were ana- chiral field ¢(r)=(o(r),#(r)) was prepared to represent a

lyzed in terms of their factorial moments, rod-shaped source with a bulk temperatureTgf(typically
240 MeV) and a radius o, (6—10 fm. The rod was then
fn=(N(N=1)(N=2)-- - (N—m-+1)), 1) endowed with a longitudinal Bjorken scaling expansion and

the classical field equation was solved numerically on a Car-
tesian lattice, using the comoving coordinatesr) in place
with N being the particle multiplicity in the specified rapidity of (t,z) (and starting fromr=r,=1 fm/c),
and momentum region amd denoting the order of the mo-
ment(the averagé€-) is taken over a sample of eventsve
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note that the first factorial moment is simply the mean mul- 7.‘777'(97 dIx=dy 7.2‘%“‘(‘ZS vY) |$=He,. (3
tiplicity, f,=(N). A more convenient normalization is pro-

vided by thereducedfactorial moments, Due to the imposed longitudinal expansion and, later on, the

self-induced transverse expansion, the field amplitudes de-
crease rapidly. When sufficient decoupling has been
*Electronic address: Randrup@LBL.gov achieved, a transverse Fourier resolution is made at each
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value of . From the resulting expansion coefficients of
a(r) anda(r) one may then extract the coefficients

[My i . T 1/2
Tﬁk( 77) + \/ﬁﬂk( 7]) <_) ’ (4)
k

To
which represent the probability amplitudes for finding a par-
ticle with rapidity » and transverse momentukn (Here() |
is the cross section of the box employed in the calculation,
my is the transverse pion massi=m2+k?, and the last
factor compensates for longitudinal scaling expangidhus
the expected number of pions within a certain rapidity inter-
val is given byn{’= [d#|x(7)|?, for each transverse mo-
mentumk and each charge state(These quantities become
constant after the decoupling has occunrddhe actual mul-
tiplicity n{)) was then selected from the associated Poisson
distribution. The total multiplicityN (which is also Poisson

xc(m) =V,
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FIG. 1. Rapidity distribution of soft positive pionsp{

distributed can be obtained subsequently by adding up aII$200 MeV), as generated by HIJING for a sample of central

the pions emitted within the specified phase space,

Au+Au events at RHIQimpact parameteb<3 fm). The corre-

sponding results for the negative and neutral pions are similar.
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statistical components in the microscopic processes. The

) ) same feature still holds even if the HIJING analysis is re-
wherek, denotes the maximum momentum of the soft pions gyricted to the soft pions only. Moreover, similar features are
In order to obtain sufficient statistics, a number of inde-5i5g obtained with UrQMD for either grouping of the pions
pendent Bjorken rods were treated. Due to the thermal fluciyot shown in the figuie Thus, it should be expected that the
tuations, each such “event” has a unique initial field con-¢qrresponding higher factorial moments will exceed unity.
figuration so, consequently, the final states differ in detail. In " 114t this is indeed borne out is evident from Fig. 3, which

particular, the expected multiplicities)’ fluctuate from one

shows the reduced factorial moments for both soft and hard

event to the next. Additional fluctuation arises from the sub-pions as calculated with various models: HIJING with and

sequent sampling of the actudintegey multiplicities n
based on the values expected for a particular emei/hile

without jet quenching, UrQMD, and the results obtained in
Ref. [5] for the Bjorken rods with the lineas- model. It is

the latter statistical process is Poissonian by design, thevident that the latter results stand out, whereas all calcula-

event-to-event fluctuation af is generally not. Depending
on the isospin orientation of the relaxing chiral order param-
eter, certain modes are amplified preferentially and this
mechanism is the origin of the anomalous fluctuations re-
flected in the factorial moments, as discussed in Rf.

In the present investigation, we consider centrabAw
events(impact parameteb<3 fm) at the planned maxi-
mum beam energy at RHIQ00 GeV per nuclegnIn order
to set the stage, we show in Fig. 1 the average multiplicity of
positive pions with a transverse momentum below
200 MeVlc, as obtained with the HIJING event generator
[6]. These soft pions constitute only a relatively small part of
the total number of pionfgthe calculated meap; of midra-
pidity pions range from 330 Me(UrQMD) to 370 MeV
(HIJING)].

We focus now on the multiplicity distribution in the
midrapidity bin, |y|<0.5. Figure 2 shows the calculated
multiplicity distribution for positive pions of any energy, as
generated by HIJING for a sample of central A&u colli-
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tions with HIJING and UrQMD yield a rather similar behav-
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sions. Also shown is the Poisson distribution having the FiG. 2. The multiplicity distribution of positive pions in the
same mean multiplicity. The calculated multiplicity distribu- midrapidity bin (y|<0.5) for central Au-Au events at RHIC If

tion is significantly wider than the Poisson distribution. <3 fm), as generated by HIJINGolid squares The correspond-
While this feature is due in part to the averaging over differ-ing Poisson distribution having the same mean value is also de-
ent impact geometries, it also reflects the presence of normicted (open circles
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FIG. 3. Reduced factorial momenks,, for the multiplicity of FIG. 4. The ratios between corresponding values of the calcu-
positively charged pions emitted at midrapidity in central+Au lated reduced factorial momertts, for soft and hard pions, for the

collisions at the full RHIC energy, as generated by HIJING with four cases displayed in Fig. 3.
(squarep or without (circles jet quenching and by UrQMDdia-
monds. Also shown are the results obtained in Ref] for ideal-
ized Bjorken rods(triangles. Solid symbols represent soft pions
while open symbols represent hard pions.

duced within the experimental error bars. As for the lingar
model, it is expected that the semiclassical treatment under-
estimates the enhancemeby a factor of 2 or morg[10].

. . . Moreover, it applies only to baryon-free systethgnce our

',Or' namely a gentle increase 6f, with the orderm, Fhe focus is on miF()jr;apidity )[/)ior)san)é current Zalculational ca-
linear o model leads to reduced moments that remain Closﬁabilities are limited to the relatively schematic Bjorken rod
to unity for the hard pions while increasing rapidly for the gometries treated in Re5]. Therefore, the results should

soft pions. be regarded as qualitative only. Fortunately, though, the con-

This qualitative difference in the behavior can be made;|sions presented here do not depend on the exact modeling
more visible by considering the ratios between the reduceg rely only on the general features of the dynamics.

moments for soft and hard pions, as shown in Fig. 4. While  the" hresent study was motivated by the recently reported
all the_ HI‘JING. and l_JrQMD calcul_at|ons predict a similar finding that dynamical simulations with the linearmodel
behavior for pions with low and high transverse momentag,, jgealized systems lead to strong enhancements in the

the dynamical simulations with the linear model yield a  siplicity fluctuations for soft pions, while the harder ones
strong enhancement of the fluctuations in the number of lowdisplay fluctuations of Poisson form. Our present investiga-

pr pions. In particular, although both HIJIN@vith or with- 5 has shown that although both the HIJING and the
out jet quenchingand UrQMD produce some enhancementy omD event generators also produce multiplicity fluctua-
of the multiplicity fluctuationgabove a pure Poisson behav- ions in excess of pure Poisson statistics, their magnitudes
ior), neither one shows any distinction between soft and hard .o relatively smallas compared to the DCC casand, im-
pions in this regard. Thus it appears that a comparison of thEortantIy, they do not depend on tie range considered.

factorial moments of the soft and hard pion multiplicity dis- Thege findings lend support to the adoption of this observ-
tributions may provide a useful observable which could in-5pia as an indicator of DCC formation.

dicate the presence of interesting dynamics beyond what has Thus, in conclusion, our analysis suggests that a strong

been included in the standard event generators. In particulgf|ative enhancement of the multiplicity fluctuations of pions

a relative enhancement of the Iquy-factorial moments may \yith jow transverse momenta may provide a robust DCC
signal the formation of disoriented chiral condensates andignga| in high-energy nuclear collision experiments, such as
may therefore be used to gain experimental information oRpose underway at RHIC. It is a special advantage that the

the global chiral properties. basic observable, namely the number of pions in a gjven

Let us finally emphasize some caveats associated with the,,ge should be readily obtainable experimentally. Thus, the
present analysis. Although the two Monte Carlo models ”Seguggested analysis qualifies as a Year-One task at RHIC.
here successfully reproduce many features of particle pro-

duction in hadronic and nuclear collisions, many issues re- This work was supported by the Director, Office of En-
garding multiplicity fluctuations remain unresolved. In par- ergy Research, Office of High Energy and Nuclear Physics,
ticular, the observed intermittency signal associated witiNuclear Physics Division of the U.S. Department of Energy,
very small rapidity bins 4y<1) [9] cannot be reproduced under Contract No. DE-AC03-76SF00098 and used re-
satisfactorily with the models employed here. However, forsources of the National Energy Research Scientific Comput-
rapidity bins of the larger widths employed in the presenting Center at LBNL(NERSQ. One of us(M.B.) acknowl-
investigation Ay~1), the data of Ref[9] can be repro- edges support by the Alexander von Humboldt Foundation.
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